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[57] ABSTRACT 
An electromagnetic ?owmeter includes a metal case 
and a ceramic measuring pipe with a pair of coils and a 
pair of electrodes. The ceramic measuring pipe is a 
straight pipe or a pipe with ?anges. The ceramic mea 
suring pipe is detachably mounted in the metal case 
directly or through metal rings. O-rings are ?uid-tightly 
mounted in ?anges of the ceramic measuring pipe or the 
metal rings, respectively. A ground rod extends 
through a hole in the wall of the measuring pipe. One 
end of the ground rod is in contact with the conductive 
fluid and the other end thereof is electrically connected 
to the case through a screw or banana jack. 

17 Claims, 18 Drawing Figures 
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ELECTROMAGNETIC FLOWMETER 

BACKGROUND OF THE INVENTION 

The present invention relates to an electromagnetic 
?owmeter with a ceramic measuring pipe. 
An electromagnetic ?owmeter converts a ?ow rate 

of a conductive ?uid ?owing in a measuring pipe to an 
electrical signal by utilizing Faraday electromagnetic 
induction and measures the ?ow rate on the basis of the 
electrical signal. The electromagnetic ?owmeter has 
many advantages in that no movable parts are used for 
measurement, no pressure loss occurs upon measure 
ment, and a ?ow rate of a corrosive ?uid or a ?uid 
containing a slurry, which cannot be easily measured by 
other measuring instruments, can be measured. Electro 
magnetic ?owmeters have been used in a variety of 
applications due to the above advantages. 
A typical example of a measuring pipe used in a con 

ventional electromagnetic ?owmeter of this type is a 
metal pipe with a synthetic resin lining as shown in 
FIG. 1. Referring to FIG. 1, a metal measuring pipe 1 
has ?anges 1a to be coupled to pipes through which a 
?uid to be measured ?ows. The inner surface of the 
measuring pipe 1 and contact surfaces of the ?anges 1a 
are covered with Te?on (PTFE) linings 2. A pair of 
excitation coils 3 of a U-shaped circumferential section 
are screwed on the outer surface of the measuring pipe 
1. A pair of electrodes 4 are inserted in holes formed in 
the opposite wall surface portions of the pipe 1 which 
are rotated through 90° from the circumferential cen 
ters of the coils 3. The electrodes 4 extend into the 
interior of the measuring pipe 1 and are in contact with 
the conductive ?uid ?owing therethrough. A meter 
case 5 is ?xed on the ?anges 1a of the measuring pipe 1 
by screws 6. Ground rings 7 are screwed to the case 5 
at the contact surfaces of the ?anges 1a and are in 
contact with pipes through which the conductive ?uid 
?ows. 
With this arrangement, when the conductive ?uid 40 

?ows through the measuring pipe 1, upon energization 
of the excitation coils 3, an electromotive force propor 
tional to an average ?ow rate is generated across the 
electrodes 4 which are arranged perpendicularly to the 
direction of the magnetic ?eld and the ?ow direction of 45 
conductive ?uid, respectively. The electromotive force 
is measured to determine the corresponding ?ow rate of 
the conductive ?uid. In this case, the inner surfaces of 
the ground rings 7 insulated by the linings 2 from the 
measuring pipe 1 are in contact with the ?uid, the outer 
surfaces of the ground rings 7 are short-circuited to the 
case 5, and the conductive ?uid is connected to the 
reference potential. Therefore, the electromotive force 
can be accurately extracted by the electrodes 4. 
The conventional electromagnetic ?owmeter can be 

properly operated when the measuring pipe 1 is a metal 
pipe, as described above. However, if the measuring 
pipe 1 is a ceramic pipe which is recently popular in 
favor of various advantages, holes for the screws 6 
cannot be properly formed in the pipe and the manufac 
turing cost is increased. In addition, high mechanical 
strength cannot be expected. _ 

In other conventional electromagnetic ?owmeters 
with a ceramic measuring pipe each, the ceramic mea 
suring pipe is ?xed to a metal case by shrink ?t. Japa- 65 
nese patent publication No. 58-501552 describes a typi 
cal example of a conventional electromagnetic ?owme 
ter of this type, as shown in FIG. 2. Pipes 8 and 9 are 
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2 
coupled to ?anges la at both open ends of a ceramic 
measuring pipe 1 through gaskets 10. A pair of excita 
tion coils 3 are ?xed on the outer surface of the measur 
ing pipe 1. A metal case 5 is ?xed to the ?anges 1a of the 
measuring pipe 1 by shrink fit’. A pair of electrodes 4 are‘ 
?tted in holes formed in the wall of the measuring pipe 
1 and are located at positions such that axes thereof are 
perpendicular to the direction of the magnetic ?eld of 
the excitation coils 3 and to the ?ow direction of the 
conductive ?uid. The operation of this ?owmeter is the 
same as that in FIG. 1. 

In the ?owmeter shown in FIG. 2, after the excitation 
coils 3 and the electrodes 4 are mounted in position, the 
metal case 5 must be ?xed to the measuring pipe 1 by 
shrink ?t. Heat of shrink-?t is inevitably conducted to 
the excitation coils 3 and the like. Then, heat-resistant 
materials must be used for the coils 3 and the like. In 
addition, once the metal case 5 is shrink-?tted on the 
measuring pipe 1, the measuring pipe 1 cannot be re 
placed with a new one. As a result, the ?owmeter itself 
must be replaced with a new one if a need for replace 
ment of the pipe 1 arises. 

Japanese Utility Model Prepublication No. 59-28219 
describes another typical example of a conventional 
electromagnetic ?owmeter with a ceramic measuring 
pipe, as shown in FIG. 3. A straight ceramic pipe 11 is 
shrink-?tted in the metal measuring pipe 1 with ?anges 
In at both ends thereof. Pipes 8 and 9 are coupled to the 
measuring pipe 1 through gaskets 10. Excitation coils 3 
and electrodes 4 are arranged in the measuring pipe 1 in 
the same manner as in FIG. 2. The metal case 5 is 
shrink-?tted on the ?anges 1a of the measuring pipe 1. 
The operation of this ?owmeter is the same as that in 
FIG. 1. 

In the ?owmeter shown in FIG. 3, the gaskets 10 as 
the seal surfaces are in contact with end faces of the 
metal ?anges 1a when the pipes 8 and 9 are coupled to 
the measuring pipe 1. Therefore, even if the ceramic 
pipe 11 is ?tted in the measuring pipe 1, the resistance to 
corrosion cannot be improved. 

SUMMARY OF THE INVENTION 

It is, therefore, a principal object of the present inven 
tion to provide an electromagnetic ?owmeter, wherein 
a heat-resistant material need not be used and a range of 
materials which can be used is widened. 

It is another object of the present invention to pro 
vide an electromagnetic ?owmeter, wherein workabil 
ity can be improved, the manufacturing cost can be 
decreased, and ceramic properties can be properly uti 
lized. 

It is still another object of the present invention to 
provide an electromagnetic ?owmeter, wherein a ce 
ramic measuring pipe can be easily replaced and main 
tained to decrease measurement cost. 

It is still another object of the present invention to 
provide an electromagnetic ?owmeter, wherein the 
resistance to corrosion can be improved. 

It is still another object of the present invention to 
provide an electromagnetic ?owmeter, wherein mea 
suring precision can be improved. 

It is still another object of the present invention to 
provide an electromagnetic ?owmeter, wherein the 
mechanical strength of the ?owmeter as a whole can be 
improved. 
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It is still another object of the present invention to 
provide a lightweight, compact electromagnetic ?ow 
meter. 

It is still another object of the present invention to 
provide an electromagnetic ?owmeter wherein mag 
netic leakage can be prevented. 
According to an aspect of the present invention, there 

is provided an electromagnetic ?owmeter, wherein 
metal rings are shrink-?tted on open end portions of a 
ceramic measuring pipe and a metal case can be detach 
ably mounted on the metal rings through corresponding 
O-rings. 
According to another aspect of the present invention, 

there is provided an electromagnetic ?owmeter, 
wherein a ground rod is ?uid-tightly embedded in the 
wall of a ceramic measuring pipe, one end of the ground 
rod is exposed in the ?uid ?ow path, and the other end 
is externally grounded to the case. 
According to still another aspect of the present inven 

tion, there is provided an electromagnetic ?owmeter, 
wherein at least one of a metal case and electrical com 
ponents is ?xed to metal rings through support member 
or members. 

According to still another aspect of the present inven 
tion, there is provided an electromagnetic ?owmeter, 
wherein the support members are made of annular mag 
netic plates to cover substantially the entire inner sur 
faces of metal rings shrink-?tted on the ?anges. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal sectional view showing a 
conventional electromagnetic ?owmeter; 
FIGS. 2 and 3 are respectively longitudinal sectional 

views showing other conventional electromagnetic 
?owmeters; 
FIG. 4 is a longitudinal sectional view showing an 

electromagnetic ?owmeter according to an embodi 
ment of the present invention; 
FIGS. 5 and 6 are sectional views showing modi?ca 

tions of a metal ring portion in FIG. 4; 
FIG. 7 is a longitudinal sectional view showing an 

electromagnetic ?owmeter according to another em= 
bodiment of the present invention; 

FIG. 8 is a longitudinal sectional view showing an 
electromagnetic ?owmeter according to still another 
embodiment of the present invention; 
FIG. 9 is a sectional view of a ground rod portion in 

FIG. 8; 
FIGS. 10 to 12 are respectively sectional views show 

ing modi?cations of the ground rod portion in FIG. 9. 
FIG. 13 is a cross-sectional view showing a modi?ca 

tion of the electromagnetic ?owmeter according to the 
present invention; 
FIG. 14 is a longitudinal sectional view showing a 

state wherein excitation coils are mounted on support 
plates in the modi?cation of FIG. 13; 
FIGS. 15 and 16 are respectively longitudinal sec 

tional views showing still other modi?cations of the 
present invention; ' 
FIG. 17 is a cross-sectional view showing still an 

other modi?cation of the electromagnetic ?owmeter 
according to the present invention; and 
FIG. 18 is a sectional view of the modi?cation in 

FIG. 17 when taken along the line B——B thereof. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 4 shows an electromagnetic ?owmeter accord 
ing to an embodiment of the present invention. Refer 
ring to FIG. 4, an electromagnetic ?owmeter 101 in 
cludes a measuring pipe 102 with ?anges 102a at both 
open ends thereof. A pair of excitation coils 103 of a 
U-shaped circumferential section are ?xed on the outer 
surface of the measuring pipe 102. A pair of electrodes 
104 are fluid-tightly inserted in a pair of electrode holes 
102b formed in the wall of the measuring pipe 102. The 
axes of the electrodes 104 are perpendicular to the di 
rection of the magnetic ?eld of the excitation coils 103 
and to the ?ow direction of a conductive ?uid ?owing 
in the measuring pipe 102. The distal ends of the elec 
trodes 104 are in contact with the conductive ?uid. 
Metal rings 105 are ?xed on the circumferential surfaces 
of the ?anges 102a by shrink fit. A metal case 106 inte~ 
grally consists of a cylindrical portion 106a and a con 
verter support portion 10Gb. The metal case 106 can be 
detachably mounted on the measuring pipe 102 by ?t 
ting the inner surface of the cylindrical portion 106a 
with the outer surfaces of the ?anges 102a. O-rings 107 
are ?tted in annular grooves of the ?anges 102a and 
contact with the inner surface of the cylindrical portion 
106a. Pipes (not shown) are coupled to the open end 
faces of the measuring pipe 102 through seal gaskets 
(not shown). A converter and a terminal block are sup 
ported in the converter support portion 106b. 
With the above arrangement, when the conductive 

?uid ?ows through the measuring pipe 102, upon ener 
gization of the excitation coils 103, an electromotive 
force proportional to an average speed of the ?uid is 
generated across the electrodes 104 in a direction per 
pendicular to the direction of the magnetic ?eld and to 
the direction of ?uid ?ow. The electromotive force is 
converted by the converter to a signal representing a 
?ow rate of the conductive ?uid, thereby measuring the 
?ow rate. 

In the electromagnetic ?owmeter described above, 
the metal rings shrink-?tted on the ceramic measuring 
pipe are mounted in the case. Even if the excitation coils 
and the like are mounted on the inner assembly, they are 
not heated at the time of assembly. Therefore, a heat 
resistant material need not be selected. The case 106 can 
be moved in the axial direction thereof and can be easily 
removed for replacing or maintaining the measuring 
pipe. 
The metal rings 105 can be easily worked, unlike with 

a ceramic material. In the metal ring portion shown in 
FIG. 5, a screw hole may be formed in each metal ring 
105 and may be threadably engaged with a screw 108. 
The case 106 can be detachably and ?rmly ?xed to the 
metal rings 105. 
As shown in FIG. 6, each ?ange 102a of the pipe 102 

may have a step 1020 to properly position the corre 
sponding metal ring 105 and to allow easy and reliable 
shrink-?tting of the metal ring 105. 
FIG. 7 shows an electromagnetic ?owmeter accord 

ing to another embodiment of the present invention. 
The same reference numerals in FIG. 7 denote the same 
parts as in FIG. 4, and a detailed description thereof will 
be omitted. Referring to FIG. 7, a ceramic measuring 
pipe 109 is a straight pipe without ?anges. Metal rings 
110 having a larger diameter than that shown in FIG. 4 
are shrink-?tted on the end portions of the measuring 
pipe 109. Other arrangements in FIG. 7 are the same as 
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those in FIG. 4. The same effect as in FIG. 4 can be 
obtained in FIG. 7. 
According to the above embodiments described 

above, the end portions of the ceramic measuring pipe 
are shrink-?tted in the metal rings. The metal case can 
be detachably mounted on the metal rings through the 
O-rings. The excitation coils and the electrodes can be 
mounted in the measuring pipe at room temperature 
after the metal rings are shrink-?tted on the measuring 
pipe. Therefore, the excitation coils are not heated and 
a heat-resistant material need not be particularly se 
lected for coils, electrode, and the like. 

Since the metal case is engaged with the metal rings, 
the grooves for O-rings can be easily formed in the 
metal rings, unlike in the ceramic rings. The manufac 
turing cost can therefore be reduced, and the ceramic 
properties can be effectively utilized. 
The case can be easily removed from the measuring 

pipe since the case is not shrink-?tted on the pipe. The 
measuring pipe can be easily replaced or maintained. 
Compared to the conventional case wherein the entire 
?owmeter must be replaced with a new one, the various 
expenses can be reduced. 

Since the seal gaskets for piping are brought into 
contact with the ceramic pipe, the resistance to corro 
sion can be improved and the ceramic properties can be 
effectively utilized. 
FIGS. 8 and 9 show an electromagnetic ?owmeter 

according to still another embodiment of the present 
invention. Referring to FIGS. 8 and 9, a measuring pipe 
201 to be coupled to pipes through which a conductive 
?uid of interest ?ows has ?anges 201a. The measuring 
pipe 201 is made of a ceramic such as A1203. A pair of 
excitation coils 202 of a substantially U-shaped circum 
ferential section are screwed on the outer surface of the 
measuring pipe 201. A pair of electrodes 203 are ?uid 
tightly inserted in a pair of electrode holes formed in the 
wall of the measuring pipe 201. The axes of the elec 
trodes 203 are perpendicular to the direction of the 
magnetic ?eld of the excitation coils 202 and to the ?ow 
direction of a conductive fluid ?owing in the measuring 
pipe 201. The distal ends of the electrodes 203 are in 
contact with the conductive ?uid. The ?anges 20laof 
the measuring pipe 201 are in contact with the inner 
surface of a metal case 204. O-rings 205 as seal members 
are inserted between the case 204 and the ?anges 201a. 
A radial ground rod hole 201b is formed in the wall of 
the measuring pipe 201 at substantially the center along 
the axial and circumferential directions of the excitation 
coil 202. The measuring pipe 201 is prepared by sinter 
ing a pipe body with the ground rod hole 201b. The 
distal end of a metal ground rod 206 is cooled and ?tted 
in the hole 201b and is in contact with the ?uid in the 
?ow path. Cooling and ?tting of the ground rod 206 is 
performed such that the ground rod 206 is cooled and 
inserted in the hole 201b and is then heated to room 
temperature. As a result, the ground rod 206 can be 
?uid-tightly fitted in the hole 201b. A screw hole'206a 
is formed in the end portion of the ground rod 206 at the 
side away from the flow path. A stepped hole 204a is 
formed in the wall of the case 204 and is aligned with 
the screw hole 206a. A screw 207 is inserted in the hole 
204a and threadably engaged with the screw hole 206a 
to electrically couple the ground rod 206 to the case 
204. An O-ring 208 is inserted between the screw 207 
and the case 204. 
With this arrangement, when the conductive fluid 

?ows through the measuring pipe 201 connected to 
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6 
piping, upon energization of the excitation coils 202, an 
electromotive force proportional to the average ?ow 
rate of the ?uid is generated across the electrodes 203 
which are arranged perpendicularly to the direction of 
magnetic ?eld of the excitation coils 202 and to the ?ow 
direction of ?uid. The electromotive force is converted 
to an electrical signal to detect the ?ow rate. In the 
arrangement described above, one end of the ground 
rod 206 is in ?uid-tight contact with the fluid and the 
other end is electrically connected to the case 204 
through the screw 207. The ground rod 206 serves as a 
conventional ground ring. The ?uid to be measured can 
have the same potential as that of the ?owmeter. In 
addition, the screw 207 ?rmly ?xes the measuring pipe 
201 and the case 204. 

In the above embodiment, the ground rod 206 is 
cooled and ?tted in the hole so as to ?uid-tightly ?x the 
ground rod 206 in the measuring pipe. However, as 
shown in FIG. 10 representing the same portion as that 
in FIG. 9, after the measuring pipe 201 with the hole 
201b is sintered, a metal ?lm 2010 may be formed on the 
wall surface de?ning the hole 201b and may be brazed 
to the ground rod 206. Alternatively, the ground rod 
206 may be inserted in the hole 201b at the time of 
sintering, thereby constituting an integral body. 
FIG. 11 shows another modi?cation of the embodi 

ment shown in FIGS. 8 and 9. A ground rod hole 201d 
is formed in the ?ange 20laof the measuring pipe 201 to 
electrically connect the metal case 204 to the ground - 
rod 206 through the screw 207. The same effect as in the 
embodiment of FIG. 8 is obtained in the modi?cation of 
FIG. 11. In addition, an O-ring is not required for the 
screw 207. 
As shown in FIG. 12, a banana jack 209 may be used 

in place of the screw 207 to prevent the ground rod 206 
from removal. The banana jack 209 acts an expansion 
force on the hole 206b of the ground rod 206 from the 
case 204 side. 
According to the embodiment of FIG. 8 and its modi 

?cations, the ground rod is ?uid-tightly embedded ex 
tending through the wall of the ceramic measuring pipe. 
One end of the ground rod is in contact with the ?uid, 
and the other end is electrically connected to the case 
through a ?xing means. The ground rod serves as the 
conventional ground ring to set the ?uid and the ?ow 
meter at the identical potential to improve measurement 
precision. At the same time, the ground ring, its wiring 
and ceramic machining can be omitted to reduce the 
manufacturing cost. The ground rod also serves to ?x 
the case and the measuring case, thereby improving the 
rigidity of the ?owmeter as a whole. 

In the above embodiments, the excitation coils and 
the like are mounted on the ceramic measuring pipe. 
However, the present invention is not limited to this 
structure. 
For example, as shown in FIGS. 13 and 14, L-shaped 

brackets 313 as support members are screwed at oppo 
site positions of each of the inner surfaces of ?anges 311av 
of a measuring pipe 311. Rectangular support plates 314 
are respectively bridged between the corresponding 
pairs of brackets 313 and screwed at ends thereof. Exci 
tation coils 315 of a substantially U-shaped section as 
electrical components are ?xed at two end portions of 
the support plates 314 so as to surround the measuring 
pipe 311. Support plates 316 are substantially U-shaped 
support plates each consisting of a strip-like plate 316a 
and mounting plates 316b continuous to the plate 3160. 
The mounting plates 31617 are ?xed to the inner surfaces 
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of metal rings 312. The centers of the mounting plates 
316b are rotated through 90° about the centers of the 
excitation coils 315. Electrodes 318 inserted in holes 
3111) of the measuring pipe 311 are respectively sup 
ported by insulating bushes 317 mounted in the support 
plates 316 along the longitudinal direction. The inner 
ends of the electrodes 318 are brought into contact with 
the conductive ?uid passing in an inner hole 311s of the 
measuring pipe 311. The outer ends of the electrodes 
318 are inserted in holes of insulating plates 320 sup 
ported by bolts 319 on the support plates 316. Compres 
sion springs 321 are inserted between the insulating 
plates 320 and the collars of the electrodes 318. The 
central lines of the electrodes 318 are perpendicular to 
the direction of magnetic ?eld of the excitation coils 315 
and to the flow direction of the conductive ?uid. The 
seal between the electrodes 318 and the electrode holes 
311b is performed by ?t with cooling, adhesive mem 
bers or O-rings. 

In the modi?cation of FIGS. 13 and 14, the excitation 
coils 315 as the electrical components are ?xed to the 
brackets 313 through the support plates 314. However, 
the brackets 313 can ?x the case, as shown in FIGS. 15 
and 16. In the modi?cation of FIG. 15, a bracket 313 is 
screwed on the inner surface of one of the metal rings 
312 shrink-?tted on the ?anges 31laof the ceramic mea 
suring pipe 311. A metal case 322 ?tted on the measur= 
ing pipe 311 is ?xed to the bracket 313 by a bolt 323. In 
the modi?cation of FIG. 16, a support plate 314 is 
bridged between brackets 313 ?xed on the inner sur 
faces of the metal rings 312. The case 322 ?tted on the 
measuring pipe 311 is ?xed to the support plate 314 by 
a bolt 323. 

In each of the modi?cations in FIGS. 13 to 16, the 
metal rings are shrink-?tted 0n the measuring pipe, and 
one of the case and the internal electrical components 
(e.g., excitation coils) is mounted on the rings through 
the bracket or brackets 313. However, both the electri 
cal components and the case can be ?xed to the metal 
rings 312. 
The operations of these modi?cations are the same as 

those of the previous embodiments. 
FIGS. 17 and 18 show still another modi?cation of 

the electromagnetic ?owmeter according to the present 
invention. Metal rings 412 are respectively shrink-?tted 
on flanges 41laof a ceramic measuring pipe 411, and 
annular brackets 424 as support members are respec 
tively screwed on the inner surfaces of the rings 412. 
The annular brackets 424 are made of a magnetic mate 
rial and cover substantially the entire inner surfaces of 
the metal rings 412. Excitation coils 415 are ?xed on 
support plates 414 bridged between the brackets 424. 
Other arrangements of this modi?cation are the same as 
those in FIGS. 13 and 14. , 

Since the substantially entire inner surfaces of the 
metal rings 412 are respectively covered by the brackets 
424, the outer sides of the excitation coils 415 are cov 
ered by the magnetic brackets 424 and the ceramic 
?anges 411a, thereby preventing magnetic leakage. 

In the modi?cations described above, the metal rings 
312 (412) are respectively shrink-?tted on the ?anges 
31la(411a) of the measuring pipe 311 (411). However, 
they may be ?xed by an adhesive or brazing after depos 
iting a metal on ceramic surfaces. The brackets 313 
(424) may be ?xed to the rings 312 (412) by welding. 
The positions of the brackets 313 are not limited to the 
illustrated positions. 
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At least one of the case and the internal electrical 

components is ?xed to the metal rings through the sup 
port member or members. Complex working need not 
be performed for the ceramic material mounted with 
the electrical components and the case, and the manu 
facturing cost can be reduced. Compared to the con 
ventional electromagnetic ?owmeter having a ?anged 
metal pipe which covers the ceramic inner pipe and 
which is mounted with the electrical components and 
the case, the ?owmeters of the present invention can be 
compact and lightweight and have the same mechanical 
strength as in the conventional ?owmeter having the 
metal pipe. The support members ?xed to the metal 
rings are made of the annular brackets to cover substan 
tially the entire inner surfaces of the metal rings, 
thereby preventing magnetic leakage. 
What is claimed is: 
1. An electromagnetic ?owmeter including a metal 

case, said metal case consisting of a cylindrical portion 
and a converter support, a pair of excitation coils for 
generating a predetermined magnetic ?eld, and a pair of 
electrodes cooperating with said pair of excitation coils 
to generate an electromotive force proportional to a 
?ow rate of a conductive ?uid, including: 

a ceramic measuring pipe detachably mounted in said 
metal case, said pair of excitation coils being 
mounted on an outer surface of said cermaic mea 
suring pipe, and said pair of electrode being in 
serted in holes formed in a wall of said ceramic 
measuring pipe and being adapted to extend along 
a direction perpendicular to a direction of the mag 
netic ?eld from said pair of excitation coils and a 
direction of ?ow of the conductive ?uid; 

a pair of metal rings each mounted around a different 
end portion of said ceramic measuring pipe by 
shrink ?t, each ring having a groove in the outer 
surface thereof; and 

a pair of O-rings each ?tted in the groove of a differ 
ent one of said pair of metal rings for ?uid-tightly 
supporting said metal case and said ceramic mea 
suring pipe. 

2. A ?owmeter according to claim 1, wherein said 
ceramic measuring pipe has ?anges at both ends thereof, 
and said metal rings are shrink-?tted on said ?anges, 
respectively. 

3. A ?owmeter according to claim 2, wherein said 
?anges have steps for positioning said metal rings, re 
spectively. 

4. A ?owmeter according to claim 3, further includ 
ing screws for ?xing said metal rings and said metal 
case. 

5. A ?owmeter according to claim 2, further includ 
ing support members, ?xed to said metal rings, for sup 
porting one of said metal case and said excitation coils. 

6. A ?owmeter according to claim 5, wherein said 
support members comprise L-shaped brackets each of 
which is ?xed to a corresponding one of said metal rings 
to support said one of said metal case and said excitation 
coils. 

7. A ?owmeter according to claim 6, further includ 
ing support plates bridged between corresponding pairs 
of said brackets. 

8. A ?owmeter according to claim 7, wherein said 
electrical components comprises said excitation coils. 

9. A ?owmeter according to claim 5, wherein said 
support members comprise annular magnetic brackets 
mounted on substantially entire inner surfaces of said 
metal rings. 
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10. A ?owmeter according to claim 9, further includ 
ing support plates, bridged and ?xed to opposite posi 
tions of said annular magnetic brackets, for supporting 
said excitation coils. 

11. A ?owmeter according to claim 2 further includ 
ing support members, ?xed to said metal rings, for sup 
porting said excitation coils, said support members com 
prising substantially U-shaped members each consisting 
of a strip-like plate and a pair of mounting plates contin 
uous to said strip-like plate. 

12. A ?owmeter according to claim 11, further in 
cluding compression springs for biasing said electrodes 
and bushes for supporting said electrodes. 

13. A ?owmeter according to claim 1, further includ 
mg: 

a ground rod ?uid-tightly embedded in a hole formed 
in a wall surface of said ceramic measuring pipe, 
one end of said ground rod being in contact with 
the conductive fluid; and 
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10 
?xing means, inserted in a stepped hole in said metal 

case and ?xed to the other end of said ground rod, 
for electrically connecting said ground rod to said 
metal case. 

14. A ?owmeter according to claim 13, wherein said 
?xing means comprises a banana jack inserted in the 
other end of said ground rod through said stepped hole 
in said metal case. 

15. A ?owmeter according to claim 13, further in 
cluding an O-ring inserted between said ground rod and 
said ?xing means. 

16. A ?owmeter according to claim 15, wherein said 
?xing means comprises a screw threadably engaged 
with the other end of said ground rod through said 
stepped hole in said metal case. 

17. A ?owmeter according to claim 13, further in 
cluding a metal ?lm formed on a ceramic measuring 
pipe wall portion de?ning said hole, said metal ?lm 
being brazed to said ground rod. 

* * * * * 


